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systems is an actual task. Its solution is provided both by increasing the number of parallel channels (relative to 
displays - the number of elements or pixels in the display screen), and by increasing speed of information 
transmission (relative to the display - increasing the display frame rate). 
Taking into account the relationship of both factors in the systems with a given bandwidth, one can vary every of 
them at the expense of another. Relative to displays, however, the frame rate should always be above a certain 
critical frequency, at which the screen shows flicker-free images. For many applications, such as in cinema and 
television, the critical frame rate of 24-60 Hz is allowed, while according to medical recommendations, and taking 
into account the observation of fast moving objects (like a flying ball) on a display screen the frequency of 90-100 
frames per second is more preferable (for Russia the value 100 fr./sec is better agreed with the frequency 50 Hz of 
the electric net). It is better to retain this value and for displays with sequential (in time) change of colors – Field 
Sequential Color technique (FSC), promising the triple reduction of the number of display elements and observing 
whole (non-structured) and more bright image due to the elimination of the triad of color filters. In such a case, the 
refresh rate on the display screen should be of 270-300 Hz, and using the technology of three-dimensional 
stereovision - even twice more, up to 600 Hz. 
Can liquid crystal materials and displays meet this requirement? 
2. Informativeness of LC displays 
Really the most widespread display technologies currently provide a much lower frame rate that is explained by 
slow processes of active or passive light modulation respectively in emitting or electro-optical material of a display 
screen. For example, in displays based on organic light-emitting materials - potentially up to several hundred Hz, but 
actually (because of the possible material degradation due to high currents) it is limited at about 200 Hz. In plasma 
panel displays, too, a frame rate does not exceed the frequency of 200 Hz. In the most widespread displays based on 
nematic liquid crystals (NLC), the maximum frame rate is only 120-160 Hz. 
Concerning to the number of pixels (spatial resolution), in advanced video projectors and television displays the 
preferred format is the so-called "High-Definition» (HD) - 1920x1080 pixels. In personal computers the format 
1024x768 (XGA) prevails till now, and screens of smart devices (primarily the screens of mobile phones) still 
remain 800x600 pixels (SVGA) and even a 640x480 (VGA). However, due to the constant need in increasing the 
throughput of information and communication systems, especially in conditions of the limited speed of displays, the 
general trend is the steady increase of their spatial resolution. Not only the formats XGA (about 1000x1000 or 
1Kx1K pixels) and HD (of the order 2000x1000 or 2Kx1K pixels) are master, but also (2Kx2K), (4Kx2K) and even 
(8Kx4K) pixels. 
Increasing the number of pixels, however, leads to serious technological problems and difficulties in addressing 
the display elements. Though modern methods of data processing and pixel addressing allow addressing in parallel 
the several parts of a frame and selective addressing the only changed pixels in a frame, nevertheless the task of 
increasing the number of pixels on the screen is associated with great difficulties. Solving the problem by using the 
high-resolution common composite screen composed of a few display screens, i.e. due to spatially and frequency 
agreed screens makes a composed display cumbersome, difficulty controlled and expensive, and therefore not 
effective. 
Thus, the throughput of information displaying on a screen of contemporary display is restricted both in the 
speed, and spatial resolution. 
3. Liquid crystal micro displays, and projection displays based on them 
High resolution is especially needed in displays intended for projecting the information onto a large screen 
(including TV screen). Images are formed in a video projector and are projected onto a screen via an optical unit 
comprising a light source and projection optics. The video projectors based on a micro display with a liquid crystal 
matrix, which is addressed by drivers, made on silicon integrated technology, are most widespread [Chinnock 
(2014), Armitage et al. (2006)]. 
In all types of video projectors a white light source is often used, such as a compact high-pressure lamp, and the 
colors are selected by using filters or polarization prisms. In recent years, LEDs with RGB or white light, and even 
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more advanced laser diodes [Guttag et al. (2011)] begun to be used for reading the images, but a very significant 
problem arises: to create two important components for laser video projectors – the effective laser diode of green 
radiation and the compact non-mechanical type despeckler to suppress interference noise. 
Projection displays are known [Armitage et al. (2006)], in which in every of three different (RGB) color channels 
of the video projector a micro display with NLC operates, which is made using LCoS technology (Liquid Crystal on 
Silicon, implying nematic LC). For example, helmet-mounted video projectors are widespread, and in recent years - 
compact pico projectors, used individually or combined with other smart devices and mobile phones, and able to 
display on a screen with a size of about 1 sq. meter the images of VGA and SVGA formats with the brightness of 
15-20 lumens [Guttag et al. (2011), http://www.picoprojector-info.com/]. And though the format reaches 4K in some 
types of NLC based micro displays intended for high resolution video projectors, in general, their informativeness is 
limited due to a low speed of NLC. 
The video projector for projection display, as described in [Darmon et al. (2008)] is much faster. It comprises LC 
micro display based on the structure FLCoS (Ferroelectric Liquid Crystal on Silicon), and as a material in the 
FLCoS-structure the helix ferroelectric LC of smectic type is used (FLC), and the light sources in three different 
RGB color channels are LEDs of red, green and blue radiation. 
Unlike to NLC, where electro-optical response time does not depend on the sign of the electric field (due to the 
quadratic dependence on the field), and the initial state of NLC layer slowly (for milliseconds in the best case) 
returns after electric voltage switching off under the force caused by the elastic deformation of NLC layer, in FLC 
the electro-optical effect is linear on the electric field, i.e. FLC responds to the sign of applied voltage. As the result 
the electro-optical response time at switching on and switching off, when bipolar control voltage pulses are applied, 
is the same and is given by ratio [Handschy et al.(1983)]: 
 ,~ EPSMJW   (1) 
where Ȗĳ- FLC rotational viscosity, PS - value of the vector of spontaneous polarization, E - electric field tension. 
In practice response times ON and OFF, depending on the amplitude of control bipolar pulses (from a few to tens of 
volts) are from hundreds to tens of ȝs, i.e. shorter on the order - two orders than in NLC.  
In LC of FLCoS-structure of a micro display the electro-optical Clark-Lagerwall effect is used which is 
implemented in thin (1-2 ȝm) FLC layers and is characterized by bistable modulation characteristic due to the strong 
interaction of a layer with boundary surfaces [Clark and Lagerwall (1980)]. Therefore bistable FLC- display cells of 
this type are also called “surface-stabilized structures”, and micro displays based on them - "digital" (there are only 
two states of optical transmission - 0 and 1). The frequency of light modulation in such structures can be up to 
several kHz at the control electric voltage of ± 2.5 ... 10 V. 
To generate a halftone (gray scale) and hence colors in the company Displaytech a decision was suggested to 
modulate the light additionally with different frequency [Armitage et al. (2006), Darmon et al. (2008)]. Through this 
approach, Displaytech created a whole range of addressable (by means of a silicon control matrix) color "digital" 
micro displays with a large number of elements (over one million) and small aperture (diagonal is less than an inch), 
competing with based on NLC micro displays and  exceeding their speed of image refreshing (240 frames/sec). This 
speed already allows to provide sequential (alternative) formation of color instead of the spatial one (using the triad 
of filters) and more comfortable observation of 3D information. 
However, as described in [Darmon et al. (2008)] video projector does not practically solve the problem of a 
significant increase in speed and spatial resolution. Although it provides a rather high (up to 240-360 Hz) frame rate 
and spatial resolution of 106…107 pixels, however, 
- frame rate of the video projector is limited because of the impossibility to implement physically continuous 
modulation characteristics with high modulation frequency in a micro display based on FLCoS- structure with used 
bistable FLC; 
- for the same reason to have the grayscale modulation characteristics the complicated pulse frequency addressing 
of micro display elements is used that reduces the frequency of refreshing images (frames) proportionally to the 
increasing the number of gray scale levels (in bits); 
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- as a result of these limitations, the sequential color change (in time) and changing the frame for the left and right 
eyes during the formation of color stereoscopic image simultaneously are feasible only at low frequency (about 40-
60 Hz in the best case) of frames observed by each eye, and therefore, their perception is uncomfortable, taking into 
account that the frequency of comfortable perception (without flicker and image blur) is 90-100 Hz; 
- amount of hues of colors (color gamut) determined by the spectral purity of RGB components of readout 
radiation is limited by using LEDs, the spectral width of which is several tens of nanometers, i.e. more than 10 times 
exceeds the spectral width of  laser diodes; 
- brightness of the readout light beam is limited by the power density of LEDs radiation to some small solid 
angle, and it is 10 times less than the power density to the same solid angle which is inherent for the laser diode. 
4. New FLC- materials promise multiple increase of LC display rate 
High frequency (a few kHz) and hysteresis-free light modulation with continuous gray scale at low control 
voltage (±1.5 V) is provided in a wide temperature interval with high optical contrast in display cells with new helix 
and helix-free FLC materials developed at LPI, Moscow [Andreev and Kompanets (2013)].  
Especially promising results are obtained in helix-free FLC materials [Andreev et al. (2014, Journal of the SID)], 
where a helix is compensated due to the interaction of chiral additions with opposite signs of optical activity, i.e. the 
helix wave vector q0=2ʌ/p0 (here p0 – a helix pitch) tends to 0. It was found that if the values of FLC rotational 
viscosity, spontaneous polarization and modulus of elasticity, which determines the deformation along smectic 
layers are in a specific ratio, then such FLC shows the continuous gray scale and specific dependence of the 
birefringence of a display cell on the frequency of an electric field. The value of rotational viscosity is in the range 
0.3 < Ȗĳ <1.0 Poise, the spontaneous polarization Ps is less than 50 nC/cm2, and the modulus of elasticity K, which 
determines the deformation along smectic layers, is in the range (1÷3)•10-12 Newton. 
A satisfaction to the above ratio provides in a layer of helix-free FLC the compensation of a space charge 
generated by spontaneous polarization in the absence of an electric field due to forming in FLC the periodic 
deformations of smectic layers, which are the physical cause of changing the refractive index, in contrast to helix 
FLC, where the change in the birefringence is due to deformation (without changing a pitch) of the helix in an 
electric field. 
Fig. 1 illustrates the presence of spatial periodic deformations in helix-free FLC. Molecules in smectic layers, 
initially inclined at an angle Ĭ0 relatively the normal to a layer at this point, are additionally deflected by an angle Ȍ 
with respect to axis z. Consequently, a projection of the director onto the plane xy is changed. The alternating 
electric field E applied along the coordinate x interacts with the spontaneous polarization and changes a distribution 
of the angle Ȍ, describing the deformation of smectic layers. 
The development of this process results in the appearance of a soliton, which is a wave packet with a periodic 
wave localized in it (in fact, a train of solitons). The velocity of a center of the soliton is defined as [Fedosenkova et 
al. (2002)]: 
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where KȌ - modulus of elasticity describing the director deformation on the corner Ȍ, ȖȌ- shear viscosity FLC, M 
- energy of bending the smectic layers, ĳ0 - initial azimuth angle of orientation of the director (a vector of orientation 
of molecule axes). 
Physically, this means a change of the type of energy dissipation and the transition of characterizing it 
coefficients from Ȗĳ to Ȗȥ. If the value Ȗĳ is below 0.3 Poise, then with increasing the modulation frequency the 
transition Ȗĳ to ȖȌ does not occur, and the soliton mechanism of FLC director orientation is not realized. At Ȗĳ ı 1.0 
Poise the optical response time increases significantly not only at small, but also at high frequencies, where the shear 
viscosity becomes responsible for the energy dissipation.  
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higher). It is extremely important that the high frequency modulation is not required to be modulated additionally for 
obtaining the halftones, as in [Darmon et al. (2008)], because grayscale is realized physically by changing the 
amplitude of a control voltage. This results in the immediate benefit in speed (several times) and also in simplicity of 
the electronics. In this connection, the integral elements of addressing and control in FLCoS- structure, 
manufactured using a standard CMOS process, different from those in [Darmon et al. (2008)]. Furthermore, due to 
the low control voltage it is possible without overheating FLCOS- structure to form in it the data matrices of 2K, 3K 
and even 4K pixels. A thin (about 1 micrometer) layer of FLC allows to reduce a pixel size and spacing between 
them, and to reach for example, the spatial resolution of 4096 ɯ 4096 Ĭ 1,6•107 pixels at its size of 5ȝm and pixel 
period of 6 ȝm at the working aperture of about 6 ɫɦ2 (about 1 sq. inch).  
Estimations based on the above results show that high-frequency properties of FLCoS- structure together with 
FLC high speed allow easy to carry out simultaneously: and sequential change of colors in time, and forming 3D 
images (i.e., image pairs, respectively for the left and right eyes), and still to provide the frame rate for each eye of 
90-100 Hz – comfortable for perception of images (without flicker, tightening and blur). Since the method of 
sequential color change (FSC- technique) requires threefold less number of pixels in the structure (there are no sub-
pixels), then it means that the same number of pixels can provide three times more spatial resolution in the FLCoS-
structure. 
Besides a new FLC, to readout the information formed in FLCoS- structure of a micro display it is advisable three 
semiconductor laser diodes with red, green and blue radiation to use as light sources, like in [Guttag et al. (2011)], 
instead of RGB LED emitters. Compared with LEDs, they provide almost an order of magnitude greater power 
density that allows increasing the image brightness on a screen and /or its size. Due to the high monochromaticity of 
laser radiation a display with laser readout of information will have expanded color gamut, not achieved by means of 
LEDs, and much better compared with incandescent or discharge light sources. In experiments on information 
readout a laser diode with red wavelength of 0.65 micrometers was used. 
In the channel of reading the information to prevent the interference of laser rays that results in the spotted 
(speckle) structure of images called a speckle-noise a compact FLC- despeckler is proposed to insert. Such a 
despeckler is a simple single-pixel cell with helix or helix-free FLC. When the laser beam passes through a cell the 
light phase is modulated electrically because of inducing random, small scale inhomogeneities of the refractive index 
in a volume of FLC layer [Andreev et al. (2008), Andreev et al. (2009), Andreev et al. (2014, Quantum 
Electronics)]. As a result, the phase of light is modulated spatially and nonuniformly with a depth of a few ʌ and 
more that results in to the destruction of the spatial and temporal coherence of laser rays and its ability to interfere, 
and hence to substantial reduction (actually to suppressing) the speckle-noise in projected images. This fact is clearly 
illustrated in Fig. 4 by photos of images (left) and graphs (right) of radiation intensity distribution in the cross 
section of a laser beam, respectively, when the control electrical signals are supplied (upper photo and graph) and 
absent (bottom photo and graphics). 
FLC cells of a despeckler in experiments were of about 1 ɫm2 working aperture, and FLC layer thickness was of 
16-30 μm. A cell was set into a mechanical frame with electrical contacts and was controlled by a compact 
electronic circuit that generated an alternating periodic electrical signal in the form of a meander with an amplitude 
of ± 30 V and a frequency of a few hundred Hz, which was modulated by other meanders with a higher frequency 
(of a few kHz) and with an amplitude of ± 20 V. It was shown that a despeckler with helix-free FLC has certain 
advantages (compared to the helix FLC), namely: the spectral distortion of the modulated part of the light emission 
is completely absent (because there is no helix as a cause of that), and the residual light scattering (after removal of 
the electric field) is absent also. More, the control voltage pulses of low frequency and high frequency have the same 
shape, and the phase modulation frequency interval is extended at least twice [Andreev et al. (2014, Quantum 
Electronics)].  
At the output of the video projector one can install additionally the device of image scanning, which is optically 
coupled to FLCoS- structure and a screen and which represents an electromechanical (galvanometric) oscillating or 
rotating mirror scanner. Due to this the two-dimensional spatial scan of the output beam carrying the images formed 
in a micro display is possible, and thus expanding the capacity of information blocks on a screen up to 108.…109 
pixels is possible, as well as varying their geometric configuration.    
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- the maximal color gamut and high image brightness due to readout the information formed in the micro display 
with FLCoS- structure by means of using RGB laser beams alternately illuminating micro display in each frame;  
- destruction of the ability of the laser beam reading out the information to the interference, and thereby 
suppressing the interference speckle-noise in images formed by this beam, due to input to the video projector the 
electrically controlled device - a despeckler that is the one-channel phase-modulating FLC- cell; 
- displaying in real time on a screen the information blocks (images) with the capacity of  108.…109 pixels and 
with different geometric configuration by means of the input into an optical channel of the video projector a two-
dimensional scanner, such as electromechanical (galvanometer) mirror scanner, implementing a spatial scan of the 
output beam. 
6. Conclusion 
Obviously, that FLC high speed can most effectively be implemented in high-speed micro displays on the base of 
structure FLCoS with silicon control integrated circuits. Such micro displays and based on them video projectors can 
be used in projection displays, including pico projectors, in high-speed systems of data processing, coding and 
recognition, in a variety of 2D and 3D television systems. 
Using high-speed video projectors it is expected also to create devices with new functional features that are not 
yet available because of the limited speed of NLC and NLC based video projectors, namely, in the multi-program 
and multi-user systems of three-dimensional vision, including stereoscopic (with glasses) and autostereoscopic 
(glasses-free) or  volumetric (with 3D screen) systems. 
For example, if in [Ko et al. (2010)] viewers may watch different television programs on the same monitor, using 
synchronized with these programs optical shutters of active stereo glasses, then due to the claimed video projector 
one can not only realize the same case, but also spatially separate these program for their independent observation by 
different viewers, and without glasses. With respect to the standard (120 Hz) video projectors based on LCoS 
structure with NLC a stock (reserve) in  the speed of the claimed video projector so large that several programs of 
3D vision can be demonstrated on a high-resolution screen.  
Image scanning over a projection screen, including circular screen, opens new possibilities of using the video 
projectors in a variety of panoramic systems, primarily advertising. Video projectors with the highest spatial 
resolution are required in digital cinema and other displaying apparatus of collective use (including dual use), since 
they allow avoiding the use of complicated systems composed of a set of individual monitors. 
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